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2. AC-LED 芯片结温分布不均匀性的研究分析。AC-LED 驱动电压的正弦变换
特性使得 AC-LED 结温测试成为当今研究的一个难点，传统 DC-LED 的结温
测试方法并不适用于 AC-LED。本研究工作首先对 AC-LED 器件封装结构进

























































With the development of semiconductor industry, solar cell and light-emitting 
diodes (LEDs) are more widely applied in recent years. However, it is necessary for 
these semiconductor devices to dissipate thermal energies into the environment. More 
and more researchers are interested in enhancing the cooling capacity of those devices. 
Up to now, it is still a challenge to measure junction temperature accurately. In the 
dissertation, we have studied thermal properties of solar cell and LEDs. The main 
contents are as follows: 
(a) Measurements of junction temperature and thermal resistance for single crystal 
silicon solar cell. Junction temperatures and thermal resistances are important 
thermal parameters of solar cells. Based on forward voltage method, we have 
measured junction temperatures and thermal resistances of single crystal silicon 
solar cell in dark and lighting conditions, respectively. As a result of changes in 
thermal conductivities, there is a big difference of thermal resistances between 
dark and lighting conditions. Furthermore, A white LED array is used as the light 
source to operate the solar cell in order to avoid the heating effect of the infrared 
light by the solar simulator. Furthermore, we thoroughly calculate the thermal 
dissipation power. 
(b) The analyses of junction temperature distributions in AC-LEDs. Nowadays, it is 
particularly difficult to measure junction temperatures of AC-LEDs, because the 
traditional testing methods of junction temperatures are not applicable to them. 
Then we have analyzed the package structure of AC-LED in detail and build a 
thermal model by use of FloEFD software. Moreover, the validity of thermal 
model was verified by means of comparing simulate data with experimental 
results. During studies of AC-LEDs with the focus on thermal characteristics, we 
have identified three characteristics of junction temperature distributions. Via 
numerical simulations using FloEFD software, enhancing the cooling capacity of 
AC-LEDs are finally proposed. 
















and noninvasive technique for LEDs to measure junction temperatures. Here we 
have experimentally discovered a substantial discrepancy between junction 
temperature values with, and without, pulse implementation or switching-off 
(PISO), e.g., 36.8 oC versus 76.5 oC above the ambient temperature at 25.0 oC. 
Our research indicates that methods associated with PISO are flawed due to 
non-synchronization of lattice temperatures and carrier temperatures in transient 
states. Based on first law of thermal dynamics we have developed a remedy to 
eliminate this discrepancy by use of Matlab software. Finally, we have studied 
Shockley equation for diodes and established an original, accurate, and 
noninvasive technique for LEDs to measure junction temperatures in the absence 
of PISO. 
(d) Carrier spatial distributions in transient states. Based on the diffusion-drift model, 
we have calculated carrier spatial distributions in transient states and verify the 
validity of the transient model. We have discovered seemingly law-defying 
transient bulges that occur in carrier spatial distributions after doping processes 
and analysis the cause of bulges. 
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极管 LED 都是利用 PN 结的特性形成的光电转换器件。 
 
 






















现象就是后来的“光生伏打效应 (photovoltaic effect)”。后来在 1873 年，由英国科
学家 Smith 发现对光照敏感的硒材料，并且成功推理出硒材料的发电能量正比于
光照强度。接着在 1880 年，由 Charles Fritts 开发出了硒材料的光伏电池。在所
有的光伏器件中，半导体 PN 结是迄今为止发现的光电转换效率最高的器件，而
太阳能电池就是基于 PN 结二极管的光源发电器件。 
在早期的太阳能电池发展中，电池光电转换效率低而成本高的缺点大大阻碍
了太阳能电池的使用。科学家们也一直致力于以提高光电转换效率和降低生产成
本的研究。在 20 世纪 50 年代，美国贝尔实验室的科学家们发现硅材料的光敏感
比硒材料好，而且可以产生稳定的电压。随后在 1954 年，贝尔实验室首次研制
成功可以实际应用的单晶硅太阳能电池，光电转换效率达到 6%。20 世纪 70 年
代，科学家们已广泛关注太阳能电池的发展和研究，单晶硅太阳能电池在各种空
间飞行器中开始得到应用，超薄的单晶硅太阳能电池也问世，但是成本较高依然
是此时面临的主要问题。20 世纪 70 年代后，随着现代工业日新月异的发展，大
气污染和全球能源危机日渐突出，太阳能作为无污染的绿色能源，科学家们对太
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